Implications of the most recent pion production data are discussed.
In heavy-ion collisions at incident energies above a few hundred MeV per nucleon, production processes become important, and the overwhelming part of the emitted particles are pions. Hence, in order to understand the basic reaction mechanism of such collisions, it is necessary to know: "How are the pions produced at these energies?"
In this paper, we discuss the implications of the most recent pion 1-3 production results.
After a brief discussion on some of the relevant general features of relativistic heavy-ion reactions, we focus our attention on the following problems:
. (a) What do we know about the space-time evolution of the produced pions? For example, are the pions produced while the participating nucleons of the projectile-nucleus are still inside the target-nucleus?
Hadron-nucleus collision experiments 4 at very high energies strongly suggest that the production time is so long that the nucleons inside the nucleus along the path of the incident hadron can be envisaged as acting collectively, and in first order. approximation be considered· as a single object --an effective target (ET).5 Do we see this kind of collective ' . 6 behavior in relativistic heavy-ion reactions at the presently available . 7 energies ?
(b) What do we know about the pion sources in peripheral and central relativistic heavy-ion collisions? Is "temperature" a useful concept to describe such sources? What do we know about the spatial dimensions of such sources?
In particular, how do they depend on the incident energy and the masses of the colliding nuclei?
We recall that one of the general features of relativistic· heavy-ion collisions 8 is: The collision events can be classified into three categories 10. ,.., In events of the third category, particles of both types can be found.
Two conclusions can immediately be drawn from the general features. In violent processes the colliding objects lose their identity after the collision. The produced particles are emitted from a compound system formed by the two colliding objects. The relatively large energy-and momentum-transfer in such a reaction manifest themselves in producing particles with larger Pl and/or in creating more particles in that collision event.
According to this picture, a high-energy nucleus-nucleus collision where El = (Pi + m ) 2, and' m is the mass of the observed particle.
It is tempting to interpret this phenomenon as that the source of the produced particles in a violent collision event is a system of gas in thermal equilibrium. But, such an interpretation is possible only if the . . 14 following quest10ns can be answered: "Why does the "transverse energy"
El play a particular role?" "What is the reason to choose points with maximum Pi' especially when the colliding nuclei have unequal masses?"
In the proposed picture, the answer to these questions is obvious.
Since all the emitting systems are moving along the incident axis, El is the energy of the particle in the rest frame of the moving source, provided tha't the particle is observed at e = 90° in this frame. But, the points with maximum Pi on each of the above-mentioned contours are approximately the points at e =90 0 ! In fact, it is interesting to see that the observed 2 small deviation from a pure exponential dependence would have been eliminated if one had taken strictly the points at e = 90°.
Similar systematics in El-distribution has also been observed in hadron-hadron collisions at higher energies. 15 
Deutschmann et al have,
i . + e.g., found that for TI + P ~ TI + X at 16 GeV/c, Iyl < 0.1 (y is the cms rapidity of the observed pion),
where kT= 117.5 MeV.
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Now, if we interpret the result of Deutschmann et al and that
of Nagamiya et a1 2 in terms of a statistical model: "The pion source is a system of bosons in thermal equilibrium, similar to the case of black-body radiation," then,' the temperature, T, the volume, V, and the total energy, E l' of ' this system are related to one another by an expression tota corresponding to the Stefen-Boltzmann law (all quantities are measured, in the rest frame of the Gompound system which is the ems of the colliding objects). For example, in cases where the pions are isotropically distributed, (in the above mentioned frame), we obtain E total gV (3) where Xo -me 2 I (kT), xl = Etotal/ (kT), m is the mass, and g is the statistical weight of the pion.
Equation (3) can, in particular, be applied to calculate V of the emitting system if T and E t 1 are known. to a Now T can be determined from the single-particle distribution or energy distribution,16 and E t 1 can to a be calculated from the incident energy and the masses of the colliding objects.
(To be more precise, one should take into account the measured ratio of pion to other types of emitted particles.) This means, the volume of the emitting system can be determined by single-particle inclusive data. however, that all of the pions are directly and independently produced.
The value we obtain for the radius of the spherically symmetric pion source under this assumption is R = 3 •. 7 fm. Now, it has been estimated experimentally17 that only 10% to 30% of the pions are directly produced while the rest are due to resonance decay. This means only 10% to 30%
of the above-mentioned energy is associated with the completely incoherent part of the pion gas. Taking this factor into account, we obtain R = 1. 7
and R = 2.5 for 10% and 30% respectively. This is to be compared with R = 1.85 ±0.15 obtained in two-particle correlation experiments. 18 We now apply this method to heavy~ion collisions: We first consider Ne + NaF + rr± + X at 0. would be very helpful.
